The purpose of the present study was to ex amine the cerebral perfusion after spreading depression with special emphasis on its relation to the perfusion changes in migraine, The cerebrovascular reactivity to changes of arterial Pco2 tension in the range of 24-70 mm Hg and to changes of MABP in the range of 55-150 mm Hg was studied in the rat brain after one episode of cor tical spreading depression, Regional CBF (rCBF) was measured in the frontal, parietal, and occipital cortex, the basal ganglia, and the cerebellum of both hemispheres after the intravenous bolus injection of [14C]iodo antipyrine. rCBF decreased in the cortical regions to 69-73% of control values for I h after spreading depression in every single rat, but remained unchanged in the basal ganglia and cerebellum. CBF changed with alterations of arterial carbon dioxide tension in all brain regions. In control regions, CBF changed by 2.8-3.9% per mm Hg Paco2 change, whereas in the spreading depression cortex, CBF changed by only 1.3-1.5%. The difference between control and spreading depression cortex was sig-
The present study was petformed to elucidate the vascular mechanisms underlying the reduction of regional CBF (rCBF) after cortical spreading depression. This problem is of special interest since it has been suggested that the perfusion changes accompanying migraine attacks are caused by spreading depression (Lauritzen et aI., 1982 (Lauritzen et aI., , 1983a . Spreading depression arises as a response of the cerebral cortex to noxious stimuli and pre sents itself as a transient perturbation of EEG ac-nificant at p < 0.001, indicating a reduced COo sensitivity of the cortical regions invaded by spreading depression. rCBF remained unchanged in all brain regions in the MABP range of 80-150 mm Hg, reflecting the intact au toregulatory function of the two sides, and at a MABP of <80 mm Hg, rCBF decreased in parallel in symmetrical regions. It is concluded that the hypoperfusion after spreading depression is due to a vasoconstrictor stimulus overriding the vasodilatory effect of acid pH. The re duced COo response is probably the effect and not the cause of this vasoconstriction. The coexistence of rCBF reduction with perserved autoregulation and impaired COo response in an otherwise normally perfused brain has pre�iously been found in patients during migraine at tacks. This study therefore corroborates the notion that the perfusion changes of migraine may be pathophysio logically related to spreading depression and that spreading depression may serve as an experimental model of migraine. Key Words: Cerebral blood flow Spreading depression.
tivity that propagates at a rate of 3 mm/min across the cortical surface (Leao, 1944a) . The EEG ac tivity resumes in 5-10 minutes, whereas evoked cortical responses may be impaired for a longer pe riod (Bures et aI., 1974) . Spreading depression is accompanied by marked changes of the extracel lular ionic composition (Hansen and Zeuthen, 1981) , glucose metabolism (Shinohara et al., 1979; Gjedde et al., 1981) , and blood flow (Leao, 1944a,b; Hansen et al., 1980) . After spreading depression, cortical blood flow decreases to 70% of control values on the affected side for at least the following hour (Lauritzen et al., 1982) .
This work was undertaken to elucidate the cere bral vasoreactivity after spreading depression in more detail, with particular reference to the re sponse to changes of arterial Pco2 and to alterations of systemic blood pressure.
MATERIALS AND METHODS
Male Wistar rats of 300-350 g underwent anesthesia induced by ether inhalation for 1-5 min. After intubation with a steel cannula, the rats were given 5-15 mg suxa methonium intraperitoneally and were ventilated by a volume respirator with l.25% halothane (Vapor; Draeger) and 02/atmospheric air. Polyethylene catheters were placed in the tail artery, one femoral artery, and both femoral veins.
The rats were placed in a headholder, and the parietal bones were removed bilaterally leaving the dura intact; i.e., the brain cortex was not exposed during the exper iment. Animals were excluded from this study when they had suffered damage to the dura or cortex during surgery. One single-barreled microel �ctrode of tip diameter 2.5-5 fLm (pointed tip), filled with artificial CSF, was lowered through the dura 0.5 mm into the parietal cortex on both sides for recording of direct current (DC) potential and electrocorticogram. The animals were grounded with a common reference electrode consisting of an Ag-AgCI wire in a glass tube with I M KCI solidified in agar. resting in neck muscle.
Spreading depression was induced in one hemisphere by a brief superficial needle stab in the parietal cortex. Only one spreading depression appeared after the elici tation, as monitored by the electrodes left in position, and only in the experimental hemisphere, since the DC potential remained unchanged on the control side. Thirty to 60 min after a spreading depression had traversed the cortex, rCBF and cardiac output were measured after an intravenous bolus injection of � 5 fLCi 4-[N-methyl-14Cliodoantipyrine in 200 fLl saline. Arterial blood was sampled simultaneously at a known and constant rate by a syringe attached to a Harvard withdrawal pump. After 20 s or, in the hypercapnic animals, 10 s of isotope cir culation, the heart was arrested by intravenous injection of 1 ml of saturated KC!. The brain was removed rapidly, and tissue was sampled from the frontal, parietal, and occipital cortex, the basal ganglia, and the cerebellum of both hemispheres. The tissue samples (25-100 mg) were transferred to preweighed vials that were reweighed. The samples were dissolved in 1.5 ml of Soluene and blanched with 0.5 ml of 30% hydrogen peroxide at 50°C overnight before counting. Sample treatment was completed by the addition of 10 ml of a 9: 1 mixture of Instagel (Packard) and 0.5 N HC!. The vials were counted in a Tr i-Carb 2425 liquid scintillation spectrometer. rCBF and cardiac output were calculated according to the method of Gjedde et a!. (1980) . Ten sham-treated rats underwent all the procedures ex cept spreading depression elicitation. Electrodes were left in place for 1 h before the animals were killed. Three animals were studied 60-70 min after elicitation of spreading depression but were otherwise treated as de scribed. MABP and arterial Po2, Pco2, and pH were mea sured in all experiments. Rectal temperature was servo controlled by heating lamp.
Vasoreactivity to changes of P aco2
Paco2 was varied between 20 and 70 mm Hg by changing the rate of ventilation and/or substituting CO2 for 5-10% of the inhaled gas mixture while maintaining P02 constant. Blood flow was measured 5-10 min after the ventilation changes had been instituted, 30-60 min after the elicitation of spreading depression.
Blood pressure autoregulation
MABP varied spontaneously between 90 and 120 mm Hg in the group of normocapnic rats. A moderate blood pressure elevation was induced by the intravenous infu sion of angiotensin-l (50 fLg/ml) (Ciba-Geigy). Arterial hy potension was produced by withdrawing small amounts of blood. Blood pressure was maintained at a steady level for 2-10 min before the CBF measurement, 30-45 min after spreading depression. The rats were divided into four groups according to the blood pressure: 1, MABP of <80 mm Hg; II, MABP between 80 and 100 mm Hg; III, MABP between 100 and 120 mm Hg; IV, MABP between 120 and 140 mm Hg.
Statistical tests
Student's t test (paired and unpaired) and one-way analysis of variance were used for statistical analysis. Re sults were accepted as significant at p < 0.05.
RESULTS
Values in the text and tables are means ± 1 SD.
General
The physiological variables of the animals are given in Ta ble 1. The experimental groups did not differ with respect to blood gases, blood pressure, or cardiac output except when alterations were car ried out purposely. Ta ble 2 shows the rCBF results in five symmetrical brain regions of sham-treated rats and in a group of rats matched with regard to MABP and Paco2 30 min after having experienced a unilateral cortical spreading depression. Side-to side variations of the sham-treated animals prob ably reflected the minor trauma associated with craniotomy and positioning of microelectrodes, since variations were less pronounced in animals that had not been subjected to these procedures. The rCBF of control regions of the spreading depression group was not significantly different from that in corresponding regions of the sham treated group. In the spreading depression group, a unilateral decrease of cortical perfusion was ob served corresponding to the exposed regions. rCBF decreased by 30 ± 9% frontally (p < 0.001), 27 ± 9% parietally (p < 0.001), and 31 ± 7% occipitally (p < 0.01), significantly different from the inter hemispheric variations of the same regions in the sham-treated animals. The rCBF of the basal gan glia and cerebellum, which represented noninvaded tissues, was normal and symmetrical in both groups.
In the three animals studied at 60-70 min after spreading depression, cortical CBF remained re duced by 28 ± 10%, whereas the perfusion of the basal ganglia and cerebellum continued to be normal. The manipulations of blood pressure and Paco2 were performed during this period, i.e., at a time of steady state of the cerebral perfusion. Values are means ± 1 SO.
Blood pressure autoregulation of CBF
The relationship between blood pressure and CBF was studied. Figure 1 (left) shows the averaged flow values at four pressure intervals plotted versus MABP. The actual numbers are given in Ta ble 3. CBF remained unchanged in spreading depression and control regions of both sides in the MABP range of 80-140 mm Hg, indicating normal auto regulation of CBF in both control and affected re gions. Below 80 mm Hg, blood flow decreased sig nificantly in all regions of both hemispheres (p < 0.05), except in parietal cortex on the spreading depression side. It was therefore assumed that the animals had been studied both within the range of autoregulation and below the lower limit of auto regulation.
To disclose a possible difference in autoregulation between the affected and control hemispheres, the CBF of the five regions of the spreading depression side was normalized against symmetrical control re gions within the same animal and plotted versus MABP. By this means, the animals served as their own controls, and the variability of CBF between separate experiments was eliminated. Figure 1 (right) shows that cortical blood flow was reduced in every single rat exposed to spreading depression. The CBF ratios of each region were fitted to a straight line by the least-squares method (Fig. 1 The slopes of these lines were not significantly dif ferent from zero in the four regions, indicating that the relative changes of CBF with blood pressure were essentially similar on the two sides. In the frontal regions, the slope of the line was -0. 121 ± 0.058 (p < 0.05), reflecting a change in the CBF ratio of 0. 12 1% per mm Hg alteration of MABP, and indicating a minor difference of autoregulation of the two sides. The conclusion was that an inter hemispheric difference of the autoregulation of CBF between symmetrical regions was either minor or nonexistent.
CO2 reactivity of CBF
The relationship between P aco2 and CBF was de termined from the compiled data for normocapnic rats with MABP within the autoregulatory range to gether with the hypo-and hypercapnic animals (n = 32). Figure 2 shows the rCBF of each rat plotted against Paco2 in the range of 21-70 mm Hg. The rate of change of flow, F, with the CO2 tension, dFI dx, depends not only on x but also on the value of F. It was found experimentally that the flow values of the affected cortex were always lower than those found on the control side. When comparing the in fluence of P aco2 on flow on the two sides of the brain, these differences had to be taken into ac count. Therefore, we did not evaluate the rate of Table 3 . rCBF was unchanged in the MABP range of 80-140 mm Hg and decreased below 80 mm Hg. Right: Ratio of the spreading depression (SD) rCBF to the control rCBF in percentages plotted versus MABP in mm Hg. Each point rep resents one measurement in one rat. The best-fitting straight line is also shown. The slope was zero in the parietal and occipital cortex, basal ganglia, and cerebellum, indicating that relative changes in blood flow of symmetrical regions with blood pressure were similar. In the frontal regions, the slope was -0.121% per mm Hg change of blood pressure, indicating a minor difference in autoregulation of these re gions.
change of flow with PaC02 ' dFldx, but the rate of flow change with Paco2 per unit flow, i.e.,
where k may depend upon x or may be a constant.
If we make the logarithmic transformation Y = log F, we have 
Thus, by plotting log F against x, the slope of the curve gives us our desired measure k. If k is a con-stant, it follows from Eq. 2 that the relation between F and x must be of the form
where Vis the CBF at the prevailing level of Paco2, A is the intercept of the ordinate axis, k is the frac tional slope, and X is the prevailing Paco2 level. If, on the other hand, th�re is a linear relationship, F = A + k'x, between flow and Paco2, k will decrease with increasing values of flow.
The experimental data were fitted to the expo nential as well as the linear function. No statistical difference was found between the two fits. Thus, our data did not allow us to determine whether the CBF/C02 function was linear or exponential. The lack of statistical difference allowed us, however, to choose the most convenient function to obtain k. The exponential function had the advantage of giving us k as a single value; whereas to determine k from a linear fit would have been troublesome, since the fractional slope of this function changes with x and y. Equation 3 was accordingly chosen to determine the parameters A, k, and the correlation coefficient r (Table 4 ). A has statistical meaning only, indicating the intercept of the ordinate, whereas k indicates the sensitivity of CBF to changes of Paco2. The percentage reactivity was also calculated, i.e., the relative change of CBF in duced per 1 mm Hg change of Paco2• For example, in the frontal control cortex (Table 4) : exp k = exp 0.034 = 1.035, or CBF(%) = 3.5%. That is, the CBF of the frontal cortex changed by 3.5% per mm Hg alteration of Paco2• The CO2 reactivities of the regions not invaded by spreading depression varied between 2.8 ± 0.4% and 3.9 � 0.4%. The three cortical regions exhibited a marked side-to-side dif ference, since the CBF of the control cortex changed with P aco2 in a fashion similar to that in the subcortical regions, whereas the CBF in the spreading depression cortex did not. The CO2 reac tivities of the cortical regions invaded by spreading depression were reduced by �50% as compared with the contralateral side, and were only 1.8 ± 0.4% frontally (p < 0.00 1), 1.5 ± 0.4% parietally (p < 0.00 1), and 1.3 ± 0.4% occipitally (p < 0.00 1). That is to say that the flow changed by 3-4% per mm Hg change of Paco2 in control areas, but only by 1-2% in regions invaded by spreading depres sion. The CO2 reactivities of the basal ganglia and the cerebellar hemispheres of either side were, on the other hand, virtually the same. The reduced cor tical CO2 sensitivity seemed, therefore, closely as sociated with the process that caused the decline of blood flow. The rCBF of five symmetrical brain regions in the MABP range of 50-150 mm Hg was studied in 24 normocapnic rats. Animals were divided into four groups according to MABP level. rCBF remained constant in the MABP range of 80-140 mm Hg. Below an MABP of 80 mm Hg, rCBF decreased in all regions.
a Lower than rCBF of the same regions at blood pressure values of >80 mm Hg (p < 0.05, one-way analysis of variance).
DISCUSSION

General
In every experiment, identical procedures were carried out on both sides of the brain with the aim of ensuring that regional differences of blood flow were due to spreading depression per se and not to other experimental procedures. rCBF decreased in the ipsilateral cortex of all animals after spreading depression, whereas the contralateral cortex and the contra-and ipsilateral cerebellum and basal gan- Table 4 ).
J Cereb Blood Flow Metabol, Vol. 4, No.4, 1984 glia displayed a normal blood flow. The cortical 10calization of perfusion changes agrees with results from microelectrode studies showing that a cortical spreading depression spreads mainly within and be tween cortical regions of similar cytoarchitectonic composition. Abrupt changes of regional cytoar chitecture as, for example, at the transition zones between neo-, paleo-, and archicortex of the rat brain usually inhibit spreading depression propa gation, and spreading depression propagates only infrequently through white matter to underlying gray matter or to the opposite hemisphere by way of the callosal fibers (Leao, 1944a; Fifkova, 1964; Bures et ai., 1974) . Symmetrical regions were there fore compared, and the animals served as their own controls.
Cerebral circulation in spreading depression
The cerebral circulatory changes associated with spreading depression have been described as a va soconstriction prior to spreading depression, a va sodilatation accompanying the spreading depres sion wave front, and a delayed hypoperfusion after the wave as described below.
Cerebral vasoconstriction preceding spreading depression. Van Harreveld and Stamm (1952) sug gested that a cortical vasoconstriction preceded spreading depression. The time relation between the vasoconstriction and the onset of negative shift of the DC potential corresponding to the spreading depression wave front is, however, uncertain. From the figures of their original report, it seems that the vasoconstriction succeeded the onset of electro physiological events rather than preceded it, and hence it appears to be an effect, not a precursor, of spreading depression. Subsequently, Van Harreveld and Ochs (1957) confirmed the vasoconstriction in rabbits, but were unable to demonstrate it in cats, indicating a species difference. A brief vasocon striction prior to spreading depression has since then been observed only by Hansen et ai. (1980) , who found a small 5-15% reduction of CBF in the Cerebellum 20 ± 3 0.89 0.037 :!: 0.003 3.8 ± 0.3 20 ± 3 0.89 0.Q38 ± 0.003 3.9 ± 0.3
The rCBF of five symmetrical brain regions in the P aco2 range of 21-70 mm Hg was studied in 32 normotensive rats. Experimental data of each region were fitted to Eq. 3 (see the text). A is the intercept with the ordinate; k is the slope of the exponential function, indicating the regional sensitivity of rCBF to PaCO Z changes; r is the correlation coefficient. The reactivity is the percentage change of rCBF with 1 mm Hg alteration of Paco2, calculated from Eq. 3. Values are means ± SEM. a Significantly lower than CO2 reactivities of control regions by Student's t test (p < 0.001).
rat. Cerebral vasoconstriction preceding spreading depression is thus not a prerequisite for its propa gation. When present, it may be caused by the high level of extracellular potassium that in the wave front reaches concentrations sufficient to cause ar teriolar contraction by direct action on the vessel wall (>20 mM) (Kuschinsky and Wahl, 1978) .
Cerebral vasodilation accompanying spreading depression. Leao (l944b) was the first to observe the conspicuous vasodilatation accompanying spreading depression. The vasodilatation followed the onset of EEG depression in every single region, indicating a close relation to the metabolic events within the tissue. Vessel diameter increased during 0.5-2 min and usually returned to normal within the following 1.5-3 min, though occasionally the vasodilatation persisted for a longer period. In creased cortical perfusion associated with spreading depression has since then been reported in a number of studies (Leao and Morrison, 1945; Buresova, 1957; Van Harreveld and Ochs, 1957; Marshall, 1959; Lehmenkuhler, 1979; Hansen et al., 1980; Mies and Hossmann, 1981; Lauritzen et al., 1982) . Usually, the cortical perfusion increases when the negative DC shift normalizes, coincident with normalization of extracellular potassium and increased glucose metabolism, � 1 min after onset of the electrophysiological changes. When started, the hyperperfusion outlasts the restoration of the DC potential and ionic gradients for several min utes. This time course indicates that the hyperper fusion of spreading depression is mainly reactive, similar to the hyperemia that develops after cere bral ischemia, which seems unrelated to any in crease of neuronal activity (Hossmann, 1982) . This is in contrast to the hyperperfusion that develops within seconds of evoked neuronal activity and that returns to prestimulation levels within seconds after cessation of the stimulus (Leniger-Follert and Hoss mann, 1979).
Some investigators have used the continuous ap plication of concentrated potassium solutions or po tassium crystals for spreading depression elicita tion. Potassium is, however, a potent stimulator of glycolytic activity (Ashford and Dixon, 1935) and through this effect also a vasodilator. Prolonged ex posure of the cortex therefore leads to activation of cerebral metabolism and blood flow. The perfusion changes associated with spreading depression have been studied in such preparations when metabolism and flow were already high. This approach may therefore cause the phasic flow increases associated with single spreading depression waves to disappear (Lehmenkuhler, 1979) , as well as the vasodilatation of regions remote from the site of spreading depres sion elicitation (Mies and Hossmann, 1981) .
Cerebral vasoconstriction after spreading depression. Delayed changes of CBF after single episodes of spreading depression have not been studied until recently. We extended the studies of perfusion changes in spreading depression to in clude 1 h after the passage of the spreading depres sion front. The initial increase of cortical blood flow was followed by a protracted decrease of �20% lasting for at least 1 h (Lauritzen et al., 1982) . Also, in the present work, we found a cortical blood flow decrease of 27 -31 % that lasted for at least 70 min after the spreading depression wave front, thus cor roborating our previous observations. The de creased cortical flow may be the vascular correlate of the impaired evoked potentials and direct cortical responses reported to occur for 10-60 min after spreading depression (Marshall, 1959) and the pro tracted focal neurological deficits of the experi mental animal, which may outlast the spreading depression wave by >30 min (Carew et al., 1970) .
The vascular mechanism underlying the reduced perfusion was addressed by studying regional blood pressure autoregulation and CO2 reactivity. The tone of the cerebrovascular bed is determined by interactions between opposing mechanisms: Spon taneous activity of the cerebral smooth muscle cells and sympathetic activity generate the basic vas cular tone. Autoregulation within certain limits of systemic blood pressure intensifies this process, whereas acid pH and other substances cause a de crease of tone and consequently vasodilatation. The observation of a localized reduction of flow may therefore at first be discussed in terms of an imbal ance of vascular tone of that region.
Autoregulation of CBF
The autoregulation of CBF during alterations of perfusion pressure has been established in the rat and other species (Hernandez et aI., 1978; Gross et aI., 1981) . Its mechanism is, however, still incom pletely understood. The prevalent view holds that arteriolar smooth muscle is able to contract in re sponse to tension developed within the vessel wall when stretched by increases of transmural pres sure-the myogenic response (Johnson, 1977) . The response may be inhibited by vasodilatation whether produced by hypercapnia (Harper, 1966) or by the pharmacological effect of halothane in high concentrations (Morita et aI., 1977) . In the present study, CBF remained constant within the MABP range of 80-140 mm Hg in all brain regions, dem onstrating normal autoregulation of control as well as regions with spreading depression. The results indicate that halothane, in the concentrations used, did not influence cerebral autoregulation signifi cantly. Futhermore, the changes of CBF with changes in pressure were similar in symmetrical re gions on the two sides. A major disturbance of au toregulation was therefore disregarded as the gen eral mechanism of the low-flow state after spreading depression.
The flow reduction at all levels of systemic blood pressure allowed us to estimate the extra vascular resistance of the spreading depression cortex as compared with the contralateral control side. As a rough approximation, the factors that determine CBF can be summarized in an equation analogous to Ohm ' s law:
where PP is perfusion pressure. The perfusion pres sure was the same on the two sides and equal to the MABP, since the intracranial pressure was zero because of the craniotomies. We then have where the subscript C indicates the control and SD the spreading depression hemisphere. The average cortical flow reduction at all pressure values was 70.6%, and, accordingly, I CYR SD = 0.76
x CYRe (7) or CYR SD = 1.42 x CYRe (8) Hence, the vascular resistance of the spreading depression cortex was increased by 42%.
CO2 reactivity of CBF
The slopes of the exponential CBF/C02 relation ships indicated that CBF changed between 2.8 and 4.0% per mm Hg change of Paco2 in regions not invaded by a spreading depression. The CO2 reac tivity was thus comparable with that reported by others (Reivich, 1964; Gjedde et aI., 1975; Hem mingsen et aI., 1979) . The CBF response of the cortex invaded by spreading depression was be tween 1.4 and 1.8% per mm Hg of Paco2, only half of control values. We therefore conclude that the capability of the resistance vessels to dilate in re sponse to changes of arterial CO2 was decreased. The problem is whether the reduced CO2 response was the cause of the hypoperfusion or the effect of another mechanism.
The site of action of CO2 with regard to the brain circulation is the periarteriolar space or the arteri olar smooth muscle cells probably through changes of pH (Gotoh et aI., 1961; Severinghaus and Lassen, 1967; Kontos et aI., 1977a, b; Kuschinsky and Wahl, 1978) . Regional impairment of the CO2 response therefore reflects dysfunction of a local vascular mechanism. Spreading depression is ac companied by a marked acidic shift that normalizes within 10 min, and the pH remains normal there after (Kraig et aI., 1983; Mutch and Hansen, 1984) . CBF was measured 30-60 min after spreading depression and therefore some time after normal ization of pH. In view of this, it seems unlikely that a change of local pH was the cause of the hypo perfusion. Inhibition of the vascular receptor me diating pH-induced perfusion changes is expected to reduce the vascular response to CO2, Such re ceptor inhibition would produce a functional state of cerebral circulation similar to hypocapnia. In hy pocapnia, the lower limit of autoregulation is lower than in normocapnia (Ekstrom-lodal et aI., 1972) . The autoregulatory function was, on the other hand, essentially similar on the two sides. It is therefore unlikely that a hypocapnia-like mecha-nism produced the hypoperfusion. The reduced CO2 response seems rather to reflect a displacement of the pH response curve.
It is evident from this discussion that there are still many unknowns in the pathophysiological chain of events leading from a cortical spreading depression to a continued cortical flow reduction. It is as though a persistent constrictor mechanism has been activated, the nature of which is at present unidentified.
Clinical implications
The coexistence of low blood flow, preserved au toregulation, and low CO2 reactivity has been ob served after global ischemia in experimental ani mals (Nemoto et aI., 1975; Hossmann, 1982) , and a low CO2 responsiveness is usually found in condi tions with a low cerebral metabolic rate of oxygen (Fujishima et aI., 197 1; Grubb et aI., 1974) . Similar flow abnormalities have been observed in some pa tients with head injury and in patients during clas sical migraine attacks (Enevoldsen and Jensen, 1978; Lauritzen et aI., 1983b) . The latter observa tion is particularly pertinent to the present study.
The relationship of spreading depression to clin ical neurology has recently received attention owing to the description of some peculiar changes of the cerebral perfusion accompanying the acute migraine attack (Olesen et aI., 198 1; Lauritzen et aI., 1983a) . It has been shown that the first 1-2 h of migraine are accompanied by reduced blood flow that originates in the posterior part of the brain. The hypoperfusion advances at a rate of �2.2 mm/min over the hemisphere, progressing anteriorly but not crossing the major cytoarchitectonic changes of the convexity, the lateral and central sulci (Lauritzen et aI., 1983a) . The hypoperfusion is confined to cor tical regions and lasts for 4-6 h, i.e., during the entire course of the migraine attack (Lauritzen and Olesen, 1984) . We have previously suggested that the persisting hypoperfusion in the wake of exper imental spreading depression is related to the "spreading oligemia" of migraine (Lauritzen et aI., 1982) . The present study showed a similar func tional state of reduced CO2 vasoreactivity and therefore supports the notion that spreading depres sion in animal experiments may serve as an exper imental model of migraine.
